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METHODS FOR DIAGNOSIS AND TREATMENT OF HUMAN DISEASES 
INCLUDING HYPERTENSION 

Field of UiB Invention; 

5 The present invention relates to the diagnosis and treatment of human 

disease, particularly human disease characterised by abnormal cytosolic ion 
composition resulting from reduced or over activity of Na'*' transport proteins 
such as the ubiquitous Na^-H^ exchanger, NHEl. 

10 Background of the Invention; 

In recent years, over activity of Na* transporting systems in absorptive 
epitlielia has been implicated in the pathogenesis of a number of major 
diseases including hypertension (1, 2), diabetic nephropathy (3), 
cardiological syndrome X (4), ventricular hypertrophy (5), chronic pulmonary 

15 hypertension (6) and cystic fibrosis (7). In the case of the hereditary 
hypertensive disease blown as Liddle's syndrome, this activity has been 
attributed to a mutation of the epithelial Na*** channel leading to loss of an 
inhibitory feedback mechanism which normally switches off Na'^ channel 
activity in response to increased intracellular Na"^ (8, 9). The mechanisms 

20 that underlie this so-called homocellular regulation have been the subject of 
controversy, but recent experiments have revealed a previously unsuspected 
mechanism in which cytosolic Na'*' is "sensed" by an intracellular receptor 
(10). This receptor activates the G protein, (11), the a-subunit of which 
then causes the ubiquitin-protein ligase, Nedd4 (10), to ubiquitinate and 

25 inactivate the epithelial Na'*' chaimels (12, 13). This receptor for intracellular 
Na"*" is blocked by amiloride and amiloride analogs such as dimethylamiloride 
and beuzimidazole guanidinium (10), thus explaining the previously 
puzzling ability of these agents to stimulate Na'*' channel activity (14). 
The present applicants have now found that the intracellular Na* 

30 receptor that controls absorptive epithelial Na"^ channels also controls the 
activity of the ubiquitous isoform of the Na"*'-H'^ exchanger 1, NHEl (34). 
This finding suggests that intracellulai' Na'*' receptors form part of a general 
mechanism for regulating Na* transport proteins. It is therefore anticipated 
that tlie intracellular Na* receptors (and the signal-transduction systems by 

35 which they control Na* channels, Na*-H* exchangers and other Na* 



SUBSTITUTE SHEET (RULE 25) RO/AU 



wo Oi/12805 



PCT/AUOO/00980 



transporting proteins) shall provide a useful target for diagnostic assays and 
treatments for hypertension and other diseases. 

nisnlosure of the Invention; 

5 Thus, in a first aspect, the present invention provides a method of 

treatment of a human disease which is characterised by abnormal cytosolic 
ion composition in diseased cells resulting from reduced or over activity of a 
Na* transport protein, the method comprising administering to a subject 
having said disease an effective amount of an agent that substantially 

10 restores tiie ion composition of the cytosol in said diseased cells to tiiat 
which is found in corresponding cells from healthy tissue. 

Preferably, the present invention provides a metiiod of treatinent of a 
human disease which is characterised by abnormal cytosoHc ion composition 
in diseased cells resulting from reduced or over activity of a Na* ti:ansport 

15 protein otiaer than an epithelial Na^ receptor. Most preferably, the present 
invention provides a method of treatment of a human disease which is 
characterised by abnormal cytosolic ion composition in diseased cells 
resulting from reduced or over activity of a Na"^ transport protein selected 
from those which are inactivated by ubiquitination (e.g. through the action of 

20 a ubiquitin-protein Ugase) and, particularly, from those included in the group 
consisting of NHEl, Na*-H* exchanger 2 (NHE2) (35), Na^-H^ exchanger 3 
(NHE3) (36), the Na^-HCO," cotransporter (37) and tiie Na+K*2Cl 

cotransporter (38). 

Where tiie characteristic abnormal cytosolic ion composition arises 

25 from reduced Na* transport protein activity resulting from, for example, Na+ 
transport protein mutation (e.g. hereditary), depressed Na^ transport protein 
expression or inappropriate activity of tiie Na* ti-ansport protein inhibitory 
feedback mechanism, tiie administered agent may be selected from gene 
tiierapy agents (e.g. recombinant adenoviruses capable of causing tiie 

30 expression of non-mutated Na+ b:ansport protein) and agents capable of 

blocking tiie Na^ transport protein inhibitory feedback mechanism. Preferred 
agents of tiie latter kind are amiloride and amiloride analogs (e.g. 6- 
iodoamiloride, N-dimetiiylamiloride, and benzimidazoylguanidiura), G- 
protein inhibitors (e.g. GDP-p-S (39) and NF023 (40)) and agents tiiat inhibit 

35 the action of ubiquitin protein ligase on tiie Na^ transport protein. Examples 
of tills latter kind of agents are dominant negative mutants of ubiquitin (e.g. 
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K48R (24)), agents that prevent binding of the ubiquitin protein ligase to the 
Na"*" transport protein (e.g. membrane permeable peptide analogs of the 
protein motif to which the ubiquitin protein ligase binds such as the WW2 
and WW3 domains of Nedd4 (10)), agents that prevent ubiquitination of the 
Na* transport protein (e.g. membrane permeable peptide analogs of the 
protein motif which is actually ubiquitinated, such as the N-terminal of the 
a- or y-subunit of ENaC (41)) and inhibitors of the effectors of ubiquitin 
action on the Na+ transport protein including proteins involved in 
endocytosis (e.g. membrane permeable analogs of amphiphysin SH3 
pepUde(42)), and inhibitors of the degradation of the Na+ transport protein by 
proteasomes (e.g. lactacystin) or lysosomes (e.g. bafilomycin or chloroquine). 
Peptide analogs maybe made to be membrane permeantby including a 
Drosophila antennapedia homeobox domain (15, 16). 

Where the characteristic abnormal cytosolic ion composition arises 
from Na* t-ansport protein over activity resulting from, for example, Na"^ 
transport protein mutation (e.g. hereditary), loss of the Na"^ transport protein 
inhibitory feedback mechanism or inappropriate activity of other control 
systems (e.g. excessive levels of growth factors or glucose), the administered 
agent maybe selected from gene therapy agents (e.g. adenoviruses capable of 
causing the expression of a protein participating in the Na* ti-ansport protein 
inhibitory feedback mechanism), intracellular Na+ receptor activators (e.g. 
guanidium and guanidium analogs), G-protein activators (e.g. GTP-y-S (43) 
and receptor mimetic peptides such as APP20(17)), ubiquitin ligase activators 
(e.g. membrane permeable peptides that mimic the effect of active G proteins 
on the ubiquitin protein ligase), and agents that trigger endocytosis. 

An "effective amount" of the agent used in the method of the first 
aspect will depend upon the particular agent used, however, generally, the 
amount would be expected to be below about 10 mg/kg. For example, an 
effective amount of amiloride or an amiloride analog would typically be in 
the range of 1 to 3 mg/kg. 

The agent may be formulated with various pharraaceutically- 
acceptable excipients and/or carriers commonly used in the art and prepared 
for administration orally (e.g. as tablets, capsules, caplets or liquids), nasally 
(e.g. aerosol sprays), rectally (e.g. as suppositries) and transdermally (e.g. as a 
transdermal patch or dermally absorbed cream or lotion). The agent may also 
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be formulated as an injectible solution or suspension for subcutaneous, 
intravenous or intramuscular administration. 

In a second aspect, the present invention provides a method of 
diagnosis of a human disease which is characterised by abnormal cytosolic 
ion composition in diseased cells resulting from reduced or over activity of a 
Na-' transport protein, the method comprising isolating from a subject 
suspected of having said disease a sample of cells (such as epithelial cells or 
lymphocytes) and assessing said sample of cells for reduced or over activity 
of said Na+ transport protein or its inhibitory feedback mechanism. 

Preferably, the present invention provides a method of diagnosis of a 
human disease which is characterised by abnormal cytosolic ion composition 
resulting from reduced or over activity of a Na'' ti-ansport protein other tiian 
an epithelial Na+ receptor. Most preferably, the present invention provides a 
method of diagnosis of a human disease which is characterised by abnormal 
cytosolic ion composition resulting from reduced or over activity of a Na+ 
transport protein selected from those which are inactivated by ubiquitination 
(e.g. through the action of a ubiquitin-protein ligase) and, particularly, from 
those included in the group consisting of NHEl, NHE2, NHE3, the Na+-HCO,- 
coti-ansporter and the Na-*"K*2C1 cotiransporters. 

The sample of cells may be assessed for reduced or over activity of Na* 
transport protein by, for example, determining the rate of Na'^-dependent 
inti'acellular pH (pH) recovery and comparing the value against similarly 
measured values from cells from healthy tissue isolated from the said 
suffering subject or from a control (i.e. non-diseased) subject or subjects (e.g. 
an average value from a panel of two or more healthy subjects). 

In a variation of the invention according to the second aspect, the 
sample of diseased cells may be assessed for over or under expression of tiie 
Na+ ti-ansport protein or anotiier protein participating in the Na"*" transport 
protein inhibitoiy feedback mechanism (e.g. by polymerase chain (PGR) 
techniques, Northern blot hybridisation, Western blot or 
immunoprecipitation) . 

In a third aspect, the present invention provides a method of diagnosis 
of a human disease which is characterised by abnormal cytosolic ion 
composition in diseased cells resulting from reduced or over activity of a Na+ 
transport protein, the method comprising isolating a genomic DNA sample 
from a subject suspected of having said disease and assessing said sample for 
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the presence of a gene encoding a mutated product causitive of said reduced 
or over activity of said Na* transport protein. 

In a fourth aspect, the present invention provides a method of 
assessing a subject for a predisposition to a human disease which is 

5 characterised by abnormal cytosolic ion composition in diseased cells 

resulting from reduced or over activity of a Na'*' transport protein, the method 
comprising isolating a genomic DNA sample from a subject and assessing 
said sample for the presence of a gene encoding a mutated product causitive 
of reduced or over activity of said Na* transport protein. 

10 In the methods of the third and fourth aspects, the human disease is 

preferably one which is characterised by abnormal cytosoUc ion composition 
resulting from reduced or over activity of a Na"" ti'ansport protein other than 
an epitheUal Na"*' receptor. Preferably, the Na+ transport protein is selected 
from the group consisUng of NHEl, NHE2, NHE3, the Na-*--HC03- 

15 cotransporter and the Na*K*2Cl cotransport protein). The genomic DNA 
sample may be isolated using routine protocols known to the art. The 
genomic DNA sample may be isolated from any cell sample such as whole 
blood, tissue biopsy or cheek cell sample. The assessment of the presence of 
a gene encoding a mutated product causitive of reduced or over activity of 

20 the Na"*" transport protein, may be preferably achieved by hybridisation or 
PGR techniques using probes/primers designed to specifically hybridise to 
genes including mutated nucleotide sequences. The gene whose presence is 
to be assessed may encode a mutated Na* transport protein or a mutated 
protein participating in the Na* transport protein inhibitory feedback 

25 mechanism (e.g. a mutated G-protein or mutated intracellular Na* receptor). 
The methods of the invention are applicable to, for example, 
hypertension, renal failure, cardiac hypertrophy and cardiological syndrome 
X. 

The present applicants have also found that the intracellular Na* 
30 receptor controlling NHEl is blocked by amiloride and amiloride analogs 
with the following order of potency: 

6-iodoamiloride (ECjo = 0.1 jxmol/l) < amiloride (1.0 |imol/l) 
< 5-N-dimethylamiloride (30 jimol/1), benzamil (> 30 |imol/l) < 
benzimidazolylguanidium (300 iiunol/l) 
35 Knowledge of these differing potencies enables the isolation of a DNA 

molecule encoding the intracellular Na* receptor controlling NHEl. That is, 
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by using the a-subunit of as "bait" in a yeast two-hybrid technique ("The 
yeast two-hybrid system" edited by P.L. Bartel & S. Fields, Oxford University 
Press, Oxford, 1997), DNA molecules encoding interacting proteins may be 
isolated from suitable cDNA or genomic DNA libraries and then screened for 

5 the ability of the encoded proteins to bind 6-iodoamiloride. Further screens 
may be conducted for the relative inabiUty of the encoded proteins to bind 
benzamil, the ability of antibodies raised to the encoded proteins to 
immunoprecipitate the a-subunit of G„ and the ability of antibodies raised to 
the encoded proteins to block the NHEl inhibitory feedback mechanism. 

10 By using the yeast two-hybrid system with a constitutively active 

mutant of the a-subunit of G^, it is possible to identify and isolate proteins 
which interact with active G„ and hence are involved in the inhibitory 
feedback mechanism at a loci downstream of G„. Similarly, by using the 
yeast two-hybrid system with a dominant negative mutant of the a-subunit of 

15 Go, it is possible to identify and isolate proteins such as the intracellular Na* 
receptors which are involved in the inhibitory feedback mechanism at a loci 
upstream of G^. 

The present applicants have isolated 5 cDNA molecules from mouse 

kidney and mandibular gland cDNA libraries encoding likely intracellular 
20 Na'^ receptors controlling NHEl and Na"" channels. The 5 candidates are 

nucleobindin (18), GAIP (19), raplGAP (20) and novel proteins designated 

GILT (formerly designated GE.T) and SCunique. 

Thus, in a fifth aspect, the present invention provides an isolated DNA 

molecule encoding an intracellular Na* receptor designated GILT, said DNA 
25 molecule comprising a nucleotide sequence substantially corresponding to 

that shown as SEQ ID NO: 1 or a nucleotide sequence showing ^ 75% (more 

preferably £ 85%, most preferably > 95%) homology to that shown as SEQ ID 

NO: 1. 

Preferably, the isolated DNA molecule of the fifth aspect encodes a 
30 protein comprising an amino acid sequence substantially corresponding to 
that shown as SEQ ID NO: 2. 

In a sixth aspect, the present invention provides an isolated DNA 
molecule encoding an intracellular Na'^ receptor designated SCunique, said 
DNA molecule comprising a nucleotide sequence substantially corresponding 
35 to that shown as SEQ ID NO: 3 or a nucleotide sequence showing > 75% 
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(more preferably >. 85%, most preferably k 95%) homology to that shown as 
SEQIDN0:3. 

Preferably, the isolated DNA molecule of the sixth aspect encodes a 
protein comprising an amino acid sequence substantially corresponding to 
5 that shown as SEQ ID NO: 4. 

The isolated DNA molecule of the fifth and sixth aspect may be 
incorporated into plasmids or expression vectors (including viral vectors), 
which may then be introduced into suitable bacterial, yeast, insect and 
mammalian host cells. Such host cells may be used to express the receptor 
10 encoded by the isolated DNA molecule. 

Accordingly, in a seventh aspect, the present invention provides a 
mammalian, insect, yeast or bacterial host cell transformed with the DNA 
molecule of the fifth or sixth aspect. 

In an eighth aspect, the present invention provides a method of 
15 producing an intracellular Na* receptor, comprising culturing the host cell of 
the seventh aspect under conditions enabling the expression of the DNA 
molecule and optionally recovering the expressed receptors. 

Preferably, the host cell is mammalian, amphibian or of insect origin. 
Where the cell is mammalian, it is presently preferred that it be a Chinese 
20 hamster ovary (CHO) cell or human embryonic kidney 293 cell. Where the 
cell is of amphibian origin, it is presently preferred that it be aXenopus 
oocyte. Finally, where the cell is of insect origin, it is presently preferred 
that it be an insect Sf9 cell. 

In a ninth aspect, the present invention provides an intracellular Na* 
25 receptor designated GELT, said receptor comprising an amino acid sequence 
substantially corresponding to that shown as SEQ ID NO: 2, in a substantially 
pure form. 

In a tenth aspect, the present invention provides a candidate 
intracellular Na"" receptor designated SCunique, said receptor comprising an 
30 amino acid sequence substantially corresponding to that shown as SEQ ID 
NO: 4, in a substantially pure form. 

In an eleventh aspect, the present invention provides an antibody 
which specifically binds to a receptor according to the ninth or tenth aspect. 
Such antibodies may be polyclonal or monoclonal and may be produced in 
35 accordance with any of the known techniques in the art. 
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The present applicants have also identified two variants of the 
nucleotide sequence encoding GILT (SEQ ID NO: 5 and SEQ ID NO: 6) and 
isolated and sequences some of the 5' non-coding sequence of the nucleotide 
sequence encoding SCunique (SEQ ID NO: 7). It is to be understood that the 
5 present invention extends to these additional nucleotide sequences. 

In a twelfth aspect, the present invention provides a method for 
detecting agonist or antagonist agents of the receptor of the ninth or tenth 
aspect, comprising contacting said receptor, or a host cell transformed with 
and expressing tiie DNA molecule of the fifth or sixth aspect, with a test 
10 agent under conditions enabling the activation of said receptor, and detecting 
an increase or decrease in activity of the receptor. 

In a further aspect, the present invention provides a nucleic acid 
probe/primer comprising a nucleotide sequence of 10 or more nucleotides 
capable of specifically hybridising to a unique sequence within a DNA 
15 molecule having a nucleotide sequence as shown as SEQ ID NO: 1 or SEQ ID 
NO: 3 under high stringency conditions. 

As used herein, the term "high stiingency conditions" refers to 
conditions that (i) employ low ionic strength and high temperature for 
washing, for example, 15 mM NaCVl.5 mM sodium citrate/0.1% NaDodSQ, at 
20 SO'C; (ii) employ during hybridisation a denaturing agent such as formamide, 
for example, 50% (vol/vol) formamide with 0.1% bovine serum albumin, 
0.1% Ficoll, 0.1% polyvinylpyrrohdone, 50 mM sodium phosphate buffer at 
pH 6.5 witii 750 mlvl NaCl, 75 mM sodium citi:ate at 4Z°Q; or (iii) employ 50% 
formamide, 5 x SSC (750 mM NaCl. 75 mM sodium citrate), 50 mM sodium 
25 phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardfs solution, 
sonicated salmon sperm DNA (50 ng/ml), 0.1% SDS and 10% dextran sulfate 
at 42''C in 0.2 x SSC (30 mM NaCl, 3 mM sodium citi-ate) and 0,1% SDS. 

The term "substantially corresponding" as used herein in relation to 
nucleotide sequences is intended to encompass minor variations in tiie 
30 nucleotide sequence which due to degeneracy in the DNA code do not result 
in a change in tiie encoded protein. Furtiier, tills term is intended to 
encompass otiier minor variations in tiie sequence which may be required to 
enhance expression in a particular system but in which tiie variations do not 
result in a decrease in biological activity of tiie encoded protein. 
35 The term "substantially corresponding" as used herein in relation to 

amino acid sequences is intended to encompass minor variations in the 
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amino acid sequences which do not result in a decrease in biological activity 
of the encoded protein. These variations may include conservative amino 
acid substitutions. The substitutions envisaged are:- 

G,A,V,I,L,M; D, E; N. Q; S, T; K. R, H; F. Y, W, H; and 

5 P, Na-alkylamino acids. 

References to percent homology values herein are calculated by the 
BLAST program blastn as described by Altschul, S.F. et al., "Gapped BLAST 
and PSI-BLAST: a new generation of protein database search programs", 
Nucleic Acids Research Vol. 25, No. 17, pp 2289-3402 (1997). 

LO The terms "comprise", "comprises" and "comprising" as used 

throughout the specification are intended to refer to the inclusion of a stated 
step, component or feature or group of steps, components or features with or 
without the inclusion of a further step, component or feature or group of 
steps, components or features. 

15 The invention will hereinafter be further described by way of the 

following non-limiting example and accompanying figures. 



Brief description of the accom panying figures; 

Figure 1: Shows features of the Na-^-dependent pH; recovery measured 

20 with a zero Na* pipette solution, (A) Representative experiment with 10 mM 
ATP in the pipette. The bar indicates the period of readmission of 155 mM 
Na+ solution to the bath. (B) Concentration-response relation for the effect of 
extracellular ethyhsopropylamiloride (EIPA) on the Na+-dependent pH 
recovery. (C) The effect of modifying intracellular ATP levels. 

25 Figure 2: Shows inhibition of Na+ -dependent pHi recovery by 

cytosolic Na^ (A) Dependency of the Na-^-dependent pH, recovery on pipette 
m\ (B) The effects of inclusion of 20 mM NMDG+ in the zero Na+ pipette 
solution, or by buffering intracellular and extracellular Ca"+ to zero by the 
inclusion of 20 mM i,2-bis(2-aminophenoxy)ethane-N,N,N',N'-tetraacetate 

30 (BAPTA) in the pipette solution and 1 mM EGTA in the bath solution. No 
Ca''* was added to either solution. 

Figure 3: Shows that the Na'' feedback inhibition is mediated by a G 
protein. (A) The effect of the addition of 100 \M GDP-p-S to the pipette 
solution. (B) The effect of the addition of 500 ng/ml activated pertussis toxin 

35 to the pipette solution. (C) The effect of the addition to the pipette solution 
of antibodies directed against various G protein a-subunits [AbGn,i2 = against 
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C terminals of Gos, and Go;,; AbG„.„ = against C terminals of Ga„ and Go,,; 
AbGi3 = against C terminal of Go,,; AbG„ = against N terminal of Ga„; all 1 in 
200 (vol/vol)]. 

Figure 4: Shows the inhibition of Na+ feedback by intracellular 

5 amiloride. (A) Concentration-dependency of the effect of intracellular 
amiloride when included in 20 mJ^I Na^ solution. (B) The effect of the 
inclusion of 0.2 |aM activated recombinant a-subunit of G, (act G^) and 
amiloride (10 and 30 nM) in the zero Na+ pipette solution. AS and inact G„ 
denote controls in which activation solution or inactive Ga„, respectively, 

10 were added to the pipette solution. (C) The effect of the inclusion of anti- 
Nedd4 antibody (A-Nd4; 1 ng purified IgG/ml). GST-WW fusion protein (G- 
W; 0.3 mg/ml). GST-wild type-ubiquitin (wt; 0.3 mg/ml) or GST-dominant^ 
negative-ubiquitin (K48R) fusion protein (dn; 0,3 mg/ml) in the 20 ml.'I Na* 
pipette solution. In A and C the broken lines indicate the mean rate of pH, 

15 recovery observed with zero Na* pipette solution. 

Figure 5 : Shows the mechanisms of feedback inhibition by 
intracellular Na+ of epithelial Na"^ channels in salivary duct (absorptive) cells 
(A) and Na*-H* exchange in salivary endpiece (secretory) cells (B). In each ^ 
cell model, the apical membrane is on the left and the sodium pump (Na\ K* 

20 ATPase) is shown in the basolateral membrane on the right. 

Fvr^m plB 1 : Control oFNa^-H^ exchan> >o in salivary serrRtory cells by an 
intracellular Na^ receptor. 

Mnfffrinh nnd Methods. 

25 r.Bll Preparation. Male Quackenbush strain mice were killed by 

cervical dislocation, and the mandibular glands were removed, finely 
minced, and incubated for 12 min in a physiological salt solution containing 
1 mg/ml collagenase (Worthington type TV). The cell suspension was then 
dispersed by trituration and washed with fresh Na* rich bath solution 

30 containing 145 mM NaCl, 5.5 mM KCl, 1.2 mM MgCl,. 7.5 mM Na-Hepes. 7.5 
mM H-Hepes, 1 mM CaCl, and 10 mM glucose; the pH was adjusted to 7.4 
with NaOH. The cells were filtered through a 75-nm nylon mesh and kept on 

ice until required, 

Pntrh-ripm p Techniques. A technique based on that of Demaurex and 

35 coworkers (21) was used in which the whole-cell patch-clamp technique is 
used to control cytosolic composition while the pH-sensitive dye. BCECF, is 
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used to measure intracellular pH (pH,). The patch-clamp techniques used 
were are described (22), and the cells were loaded with BGECF by including 
it in the pipette solution. Except for the experiments summarised in Figure 
IC, in which MgSO^ replaced MgATP, pipettes were filled with solutions 

5 containing 145 mJVI K-glutamate and Na-glutamate combined, 5 mM KCl, 5 
mJVI Mes, 10 raM Mg-ATP, 1 mM EGTA, 40 mM sucrose, and 0.2 mM BGECF; 
the pH was adjusted to 6.0, 

MRHsurement of dH,. The equipment used to measure pH, was as 
described (23). The chamber (0.3 ml) was continuously perfused with a Na*- 

10 free bath solution containing 145 mM N-methyl-D-glucamine (NMDG)-Cl, 5.5 
mM KCl, 15 mM H-Hepes, 1.2 mM MgCl^, 1 raM CaCl^, and 10 mM glucose 
with a pH of 7.4. Single cells in the whole-cell configtiration were voltage- 
clamped at -30 mV. After 3 min they were illuminated alternately at 490 and 
430 nm. Na-'-H'' exchange activity was measured by reintroducing Na* to the 

15 bath between 2 and 3 min after the start of illumination. pH; recovery rate 
was determined by fitting a linear regression to the linear phase of the pH 
recovery (i.e., between 20% and 80% of maximal recovery). Calibration of 
the BCECF signal was by the nigericin high-K+ method (23). 

Chemicals. Sources of chemicals and the methods for activating 

20 pertussis toxin and G protein a-subunits were as reported (24, 25). 

Antibodies directed against the C terminals of the a-subunits of Gu/Ga, Gj, 
and Gu/G. were obtained from Calbiochem, and antibodies against the N- 
terminal of the a-subunit of G„ were obtained from DuPont-NEN. They were 
used in the pipette solution at a 1 in 200 (vol/vol) dilution of the solution 

25 provided by the manufacturer. Glutathione-S-transferase (GST)-WW (G-W), 
GST-dominant negative-ubiquitin (K48R), and GST-wild type-ubiquitin 
fusion proteins were produced as described (24). The anti-Nedd4 antibody 
(A-Nd4) was purified IgG raised in rabbits against the C-terminal half of the 
protein (24, 26). 

30 Results are presented as means ± SEM. At least five cells were tested 

in each experimental group. Statistical significance was assessed by using 
Student's unpaired t test. All experiments were performed at 22''C. 
flesuifs. 

Activity of Na^-H* exchangers was measured by a technique described 
35 by Demaurex and coworkers (21) in which the whole-cell configuration of the 
patch-clamp technique is used to control cytosoUc composition while the pH- 
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sensitive dye, BCECF, measures pH;. The cells were bathed initially in a zero 
Na+ solution so that they would be unable to oppose the acid load imposed 
by the pipette solution using Na+-dependent transporters such as the Na*- 
H'^ exchanger. The bath solution then was changed to one containing 155 

5 mlvl Na+ so as to activate the Na^-H* exchanger and cause pH; to recover 
toward normal levels (Fig lA). The rate of this Na+-dependent pH^ recovery 
was used to estimate Na-^-H"^ exchange activity. The technique was validated 
by demonstrating that Na*-dependent pH, recovery has features consistent 
with its being the result of the NHEl isoform of Na*-H* exchanger, which 

10 predominates in salivary secretory cells. It was found that the Na+- 
dependent pH^ recovery was highly sensitive to the amiloride analog, 
ethylisopropylamiloride (Fig. IB), and that the recovery depended on the 
presence of ATP (21), being inactivated when intracellular ATP was depleted 
by treatment with 2-deoxy-D-glucose (5 mM) and oligomycin (5 ng/ml; Fig. 

15 IC). 

It was demonstrated that the rate of the Na*-dependent pHi recovery 
declined with increasing pipette Na+ concentration (Fig, 2A) in a manner 
similar to that described in sheep F2 Purkinje fibres (27). This inhibition 
evidently was caused by increased [Nal, because it could not be reproduced 

20 by the large organic cation, NMDG+ (Fig. 2B). Because intracellular free Ca^+ 
is known to regulate Na*-H^ exchangers (28), an investigation was made to 
determine whether a change in free intracellular Ca^* concentration could 
mediate this phenomenon. It was found that buffering cytosolic and 
extracellular Ca^* to nominal zero did not alter the effect of increased [Nal, 

25 (Fig. 2B). 

An investigation was also made to determine the mechanism by whicn 
[Nali controls the activity of the Na^-H" exchanger. It was found that 
inclusion of the pipette solution of 100 GDP-P-S (which competitively 
inhibits the binding of GTP by G proteins; ref. (29) or of 500 ng/ml activated 

30 pertussis toxin (which ADP ribosylates G proteins of the G, and G„ classes so 
as to prevent their interaction with receptors; ref. (30), reversed the 
inhibitory effect of 20 mM Na+ (Fig. 3A and B). The ability of these agents to 
overcome the inhibitory effect of raised intracellular Na* completely without 
altering the electrochemical gradient for Na^ indicates that the inhibition is 

35 not caused by a decreased electrochemical driving force for Na-'-H^ 
exchange. Rather, it must be caused by a G protein-mediated feedback 



wo 01/12805 



PCT/AUOO/00980 



13 

pathway. In this regard, it was further found that inclusion in the pipette 
solution of antibodies directed against the a-subunit of the G„ protein, which 
is known to be expressed in salivary endpiece cells (31), abolished the 
inhibitory effect of 20 mM Na^ In contrast, antibodies directed against the 

5 a-subunits of Gji, Gj^, and G^^ were without effect (Fig. 3C). 

In the absorptive cell of the salivary duct, [Na+]i is sensed by a receptor 
the effect of which is mediated by (10). This receptor is blocked by 
arailoride and amiloride analogs such as dimethylamiloride and 
benzimidazolylguanidinium, thus explaining the ability of these agents to 

10 stimulate Na* channel activity. It was found that the inclusion of amiloride 
in the pipette solution reversed the inhibitory effect of 20 niM Na" (Fig. 4A). 
Further, it was found that the inclusion of the activated a-subunit of G„ in 
the zero Na^ pipette solution (Fig. 4B) inhibited the Na-^-R-" exchanger and 
that the inclusion of as much as 30 |iM amiloride in the pipette solution was 

15 unable to overcome this inhibition (Fig. 4B). Thus, amiloride exerts its 
inhibitory action upstream of G„, presumably at the putative receptor for 
intracellular Na"*". 
Discussion. 

It has been previously shown that [Na^]; and the G protein, G„, regulate 

20 the activity of the epithelial Na+ channel in the duct cells of the mouse 
mandibular gland via Nedd4 (24), a ubiquitin-protein ligase that is believed 
to bind to Na"" channels and regulate their activity by ubiquitinating them 
(12, 13). Here, it was found that feedback inhibition of the Na-'-H* exchanger 
was not prevented by inclusion in the pipette solution of an antibody 

25 directed against Nedd4 or of a fusion protein composed of GST and the three 
WW-domains of mouse Nedd4 (GST-W), which acts as a dominant negative 
mutant of Nedd4 (Fig. 4C). This finding is consistent with the low level of 
expression of Nedd4 in endpiece cells (24). Feedback inhibition was 
blocked, however, by inclusion of a dominant negative mutant of ubiquitin 

30 (K48R) (24) in the pipette solution (Fig. 4C), indicating that feedback 
regulation of the exchanger nevertheless is mediated by ubiquitination. 
Because our preliminary data show that NHEl transfected into COS cells is 
ubiquitinated (data not shown), the findings indicate that feedback regulation 
of NHEl is mediated by ubiquitination of the exchanger protein. The control 

35 system then would resemble the control of surface expression of epithelial 
Na* channels by ubiquitination of the channel protein catalysed by Nedd4. 
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It cannot be excluded however, that the inactivation of NHEl produced by 
Na* feedback is the result of ubiquitination of a protein associated with the 
exchanger, as recendy has been proposed for the control of the growth 
hormone receptor by ubiquitination (32). Whatever the mechanism, the 
5 present findings taken togedier with the finding that activity of epithelial Na* 
channels can be rapidly down-regulated by ubiquitination suggest that 
ubiquitination may be a general mechanism for the rapid control of 
membrane transport protein activity. 

10 Fxample 2: Prevention of thR p rn ^ressiop nf diabetic nephropathy and other 

forms of chronic renal failore bv 6-iod oamiloride. 

Materials and methods. 

20 mg 6-iodoamiloride tablets may be formulated and taken orally at a 

dosage of one or two every 6 hovirs. 
15 Discussion. 

e-iodoamiloride acts by blocking the intracellular Na+ receptor that 
controls NHDEl and other sodium-dependent transporters as well as mediating 
the normal cellular responses to increased intracellular sodium 
concentration (which include release of cytokines and increased cell growth 
20 and proliferation (44) . In this way, cytokine release and cellular proliferation 
caused by increased intracellular sodium can be treated with 6-iodoaniiloride 
to prevent the cytokine release and cell growth and proliferation that lead to 
progression of renal failure. 

25 Example 3; TrBatment of rclls with re duced Na^ transport with 
recombinant adenovirus. 

Materials and methods. 

Kecombinant adenovirus. Recombinant adenovirus including an 

expressible gene encoding the Na* receptor. GILT may be prepared by 
30 routine molecular biology techniques (33). Particularly, the clone encoding 

GILT (SEQ ID NO:l) may be ligated to a suitable mammalian promoter 

sequence (e.g. CMV (45)) and inserted into a suitable vector for the transfer. 

by homologous recombination, of the recombinant GILT gene into an 

adenovirus as described by He et al, (46). 
35 Administration. The recombinant adenovirus may be formulated and 

administered in accordance with known methods in the art. In particular, 
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the recombinant adenovirus may be formulated for administration as a nasal 
spray or intrabronchial spray or given intraveneously (47, 48) or direct 
injections of muscle or of organs (49). With administration to the respiratory 
tract (50), the recombinant adenovirus will preferably be administered at a 
dose of 10° plaque forming units (pfu) at intervals between 2 and 4 weeks. 
Discussion. 

Upon infection of host diseased cells, the adenovirus will bring about 
the expression of functional GELT protein to decrease Na* transport and 
restore cytosolic ion composition to substantially that of corresponding 
healthy cells. 

Example 4: Prevention of the progression of ch ronic hypoxic pulmonary 
hypertension and other forms of pu lmonary hYpertension by 6- 
iodoamiloride and othfir inhibitors of the sodium receptor. 
Materials and methods. 

20mg 6-iodoamiloride tablets may be formulated and taken orally at a 

dosage of 1 or 2 every 6 hours. 
Discussion. 

6-iodoamiloride acts by blocking the intracellular Na"- receptor that 
controls NHEl and other sodium-dependent transporters as well as 
mediating the normal cellular responses to increased intracellular sodium 
concentration (which include release of cytokines and increased cell growth 
and proliferation (44). In tiiis way, cytokine release and cellular proliferation 
caused by increased intracellular sodium can be ti-eated with e-iodoamiloride 
to prevent the cytokine release and cell growtii and proliferation that lead to 
progression of pulmonary hypertension due to chronic hypoxia (51). 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications maybe made to tiie invention as shovra in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are. therefore, to 
be considered in all respects as illustrative and not restrictive. 
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Claims; 

1. A method of treatment of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased cells resulting from reduced 

or over activity of a Na'^ transport protein, the method comprising 
administering to a subject having said disease an effective amount of an 
agent that substantially restores the ion composition of the cytosol in said 
diseased cells to that which is found in corresponding cells from healthy 
tissue. 

2. A method according to claim 1, wherein the Na"" transport protein is 
other than an epithelial Na"^ receptor. 

3. A method according to claim 1, wherein the Na* transport protein is 
selected from the group consisting of Na-^-H^ exchanger 1 (NHEl), Na^-H+ 
exchanger 2 (NHE2), Na^-H+ exchanger 3 (NHE3), the Na^-HCO/ 
cotransporter and the Na*K+2Cl cotransporter. 

4. A method according to any one of claims 1-3, wherein the abnormal 
20 cytosolic ion composition in diseased cells arises from reduced Na+ transport 

protein activity. 

5. A method according to claim 4, wherein said agent is selected from 
gene therapy agents and blocking agents of the Na"^ transport protein 

25 inhibitory feedback mechanism. 

6. A method according to claim 5 , wherein said agent is a recombinant 
adenovirus including a nucleotide sequence encoding a non-mutated Na+ 
transport protein which is other than a non-mutated epitheUal Na^ receptor, 



15 



30 



7. A method according to claim 5, wherein the agent is selected from 
amiloride and amiloride analogs. 

8. A method according to claim 5, wherein said agent is a G-protein 
35 inhibitor. 
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9. A method according to claim 8, wherein the G-protein inhibitor is 
selected from GDP-p-S and Nr023. 

10. A method according to claim 5, wherein said agent is a ubiquitin 
5 protein ligase inhibitor. 

11. A method according to claim 10, wherein the ubiquitin protein ligase 
inhibitor is selected from dominant negative mutants of ubiquitin and agents 
that prevent binding of ubiquitin protein hgase to Na"^ transport proteins. 

10 

12. A method according to any one of claims 1-3, wherein the abnormal 
cytosolic ion composition in diseased cells arises from over activity of a Na* 
transport protein, 

15 13. A metiaod according to claim 12, wherein said agent is selected from 
gene therapy agents, inhacellular Na+ receptor activators; G-protein 
activators, ubiquitin ligase activators and endocytosis ti:iggering agents. 

14. A method according to claim 13, wherein said gene therapy agent is an 
20 adenovirus including a nucleotide sequence encoding a non-mutated protein 

which participates in tiie Na"" transport protein inhibitory feedback 
mechanism. 

15. A method according to claim 13, wherein said inti:acellular Na"* 
25 receptor activator is selected from guanidium and guanidium analogs. 

16. A method according to claim 13, wherein said G-protein activator is 
selected from GDP-y-S and receptor mimetic peptides. 

30 17. Amethodof diagnosis of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased cells resulting from reduced 
or over activity of a Na+ transport protein, the metiiod comprising isolating 
from a subject suspected of having said disease a sample of cells and 
assessing said sample of cells for reduced or over activity of said Na+ 

35 ti:ansport protein or tiie Na+ ti-ansport protein in inhibitory feedback 
mechanisms. 
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18. A method according to claim 17, wherein said Na* transport protein is 
other than an epithelial Na* receptor. 

19. A method according to claim 17, wherein said Na"^ transport protein is 
selected from the group consisting of Na*-ff exchanger 1 (NHEl), Na^-H* 
exchanger 2 (NHE2), Na^-H^ exchanger 3 (NHE3), the Na+-HCO,- 
cotransporter and the Na+K'^ZCl cotransporter. 

20. A method according to any one of claims 17 to 19. wherein the sample 
of cells is a sample of epithelial cells or lymphocytes. 

21. A method according to any one of the claims 17 to 20, wherein the 
sample of cells is assessed for reduced or over activity of Na+ transport 
protein by determining the rate of Na^-dependent intracellular pH (pH,) 
recovery and comparing said rate against similarly measured rates from cells 
from healthy tissue isolated from said subject or a control subject(s). 

22. A method of diagnosis of a human disease which is characterised by 
20 abnormal cytosolic ion composition in diseased, the method comprising 

isolating from a subject suspected of having said disease a sample of cells 
and assessing said sample of cells for over or under expression of the Na* 
transport protein or another protein participating in the Na+ transport protem 
inhibitory feedback mechanism. 

23. A method of diagnosis of a human disease which is characterised by 
abnormal cytosolic ion composition in diseased cells resulUng from reduced 
or over activity of a Na+ transport protein, the method comprising isolating a 
genomic DNA sample from a subject suspected of having said disease and 
assessing said sample for the presence of a gene encoding a mutated product 
causative of said reduced or over activity of said Na* teansport protein. 



25 
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24. A method of assessing a subject for a predisposition to a human 
disease which is characterised by abnormal cytosolic ion composition in 
35 diseased cells resulting from reduced or over activity of Na"^ ti:ansport 
protein, the method comprising isolating a genomic DNA sample from a 
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subject and assessing said sample for the presence of a gene encoding a 
mutated product causative of said reduced or over activity of said Na* 
transport protein, 

5 25. A method according to any one of claims 22 or 24, wherein the said 
Na* transport protein is other than an epithelial Na* receptor. 

26. A method according to any one of claims 22 to 24, wherein said Na"^ 
transport protein is selected from the group consisting of Na+-H+ exchanger 1 

10 (NHEl). Na+-H+ exchanger 2 (NHE2), Na^-HT exchanger 3 (NHE3), the Na*- 
HCOj- cotransporter and the Na+K*2Cl cotransporter. 

27. A method according to any one of claims 1 to 26, wherein the said 
human disease is selected from hypertension, renal failure, cardiac 

15 hypertrophy and cardiological syndrome X. 

28. An isolated DNA molecule encoding an intracellular Na"^ receptor 
designated GILT, said DNA molecule comprising a nucleotide sequence 
showing ^ 75% homology to the nucleotide sequence shown as SEQ ID NO: 

20 1. 

29. A DNA molecule according to claim 28, wherein said DNA molecule 
comprises a nucleotide sequence showing > 85% homology to the nucleotide 
sequence shown as SEQ ID NO: 1. 

25 

30. A DNA molecule according to claim 28, wherein said DNA molecule 
comprises a nucleotide sequence showing ^ 95% homology to the nucleotide 
sequence shown as SEQ ID NO: 1, 

30 31. A DNA molecule according to claim 28, wherein said DNA molecule 
comprises a nucleotide sequence substantially corresponding to that shown 
as SEQ ID NO: 1. 

32. A DNA molecule according to claim 28, wherein said DNA molecule 
35 encodes a protein comprising an amino acid sequence substantially 
corresponding to that shown as SEQ ID NO: 2. 
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33. An isolated DNA molecule encoding an intracellular Na^ receptor 
designated SCunique, said DNA molecule comprising a nucleotide sequence 
showing S 75% homology to the nucleotide sequence shown as SEQ ID NO: 
5 3. 

34 A DNA molecule according to claim 33, wherein said DNA molecule 
comprises a nucleotide sequence showing S 85% homology to the nucleotide 
sequence shown as SEQ ID NO: 3. 

35 A DNA molecule according to claim 33, wherein said DNA molecule 
comprises a nucleotide sequence showing S 95% homology to the nucleoUde 
sequence shown as SEQ ID NO: 3. 

36 A DNA molecule according to claim 33. wherein said DNA molecule 
comprises a nucleotide sequence substantially corresponding to that shown 
as SEQ ID NO: 3. 

37. A DNA molecule according to claim 33, wherein said DNA molecule 
encodes a protein comprising an amino acid sequence substantially 
corresponding to that shown as SEQ ID NO: 4. 

38. A host cell transformed with a DNA molecule according to any one of 
claims 28 to 37. 

39 A method of producing an intracellular Na+ receptor, comprising 
culturing the host cell of claim 38 under conditions enabling the expression 
of said DNA molecule and optionally recovering the expressed receptors. 

40 An intracellular Na^^ receptor designated GILT, said receptor 
comprising an amino acid sequence substantially corresponding to that 
shown as SEQ ID NO: 2, in a substantially pure form. 

41. An intracellular Na^ receptor designated SCunique, said receptor 
comprising an amino acid sequence substantially corresponding to that 
shown as SEQ ID NO: 4, in a substantially pure form. 



20 



25 



30 



35 



wo 01/12805 



PCT/AUOO/00980 



27 

42, An antibody which specifically binds to a receptor according to claim 
40 or 41. 

5 43. A method for detecting agonist or antagonist agents of the receptor of 
claim 40 or 41, wherein said method comprises contacting said receptor, or a 
host cell h-ansformed with and expressing the DNA molecule of any one of 
claims 28 to 37, with a test agent under conditions enabling the activation of 
said receptor, and detecting an increase or decrease in activity of the 

10 receptor. 

44. A nucleic acid probe or primer comprising a nucleotide sequence of 10 
or more nucleotides, wherein said probe or primer specifically hybridises to a 
unique sequence within the DNA molecule of claun 31 or 36 under high 

15 stringency conditions. 

45. An isolated DNA molecule comprising a nucleotide sequence 
substantially corresponding to that shown as SEQ ID NO: 5. 

20 46. An isolated DNA molecule comprising a nucleotide sequence 
substantially corresponding to that shown as SEQ ID NO: 6. 

47. An isolated DNA molecule comprising a nucleotide sequence 
substantially corresponding to that shown as SEQ ID NO: 7. 
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Figure 2 
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Figure 3 
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Figure 5 
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Se quence Listing! 



10 



<110> The University of Sydney 

<120> Methods for diagnosis and treatment of human diseases 
including hypertension 

<160> 7 

<170> Patentin Ver. 2.1 
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<210> 1 

<211> 3186 

<212> DNA 

<213> Mus musculus 
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<400> 1 

atggaggcct 

ttcaaggcag 

acactgagtg 

cgggccctgc 

ggggaggcca 

gaggcaatcg 

ggggaggcga 

tcctggaatg 

agggcctctg 

gcccagggca 

gaggcoacaa 

gctgagcgga 

gtggctgctg 

gtggaggctc 

cgtgctgctg 

ggagagggcc 

caggccttga 

ggagaactga 

agcccagcag 

aaacggacac 

gagcagaatg 

cccctcccca 

cgggagggta 

ggtattccca 

cagagcagtc 

gaggccacag 

ccacagacag 

cagagggcta 

ctcogaggcg 

taccagtcct 

cctaccatgc 

gatgagcagc 

ccccagcagc 

ctactctgga 

aatcttccca 

atggtgggtg 

gggggagggo 

ctgccctagg 

tccctcaagc 

gggcttcaag 

tggtcctggg 



cctgtctaga 

gtgtggcttt 

ccatctacag 

agttctacaa 

aggctagtgg 

tctgctgcca 

gagcactcta 

ctgcacagga 

agttttatgg 

gggcctatgg 

ccttccacaa 

gggcctacag 

aacattacaa 

aggcttgcta 

agtaccacct 

gagcatgctg 

cctttgccaa 

cagcccgcat 

cagcggagaa 

agaggctgag 

gagagaccca 

tgaggagcag 

gtcactctcc 

gggccccgtc 

gcatggatga 

ctgccccatc 

aggagttctt 

gcgtaggcag 

acggggacgc 

ccaggattga 

ctgatgagga 

gtgtggacct 

agtgtccacc 

ctctgtaggc 

aggccatgat 

cacaaggccc 

atgcttctgt 

ccgggccttc 

cctgcoctgc 

gacttcttct 

atggctatga 



gctggccctg 

cttcgaggct 

ccagctgggc 

acatgacttg 

gaacctgggc 

acgacacttg 

caacattgga 

ccccgggcac 

gaggaacctg 

caacctgggt 

agagcgcctg 

caacctgggc 

gaagacgctg 

cagcctgggc 

gcggcaccta 

gagcctgggg 

gaaacatctg 

gaatattgcc 

gccagatctg 

tgccgagacc 

ccacacaggg 

gaagtaccag 

actggacagt 

ttctgacgag 

ccagcgctgt 

cgtggaggat 

tgacctcatt 

cctgcctggg 

ccaggagccg 

tgaccagcgc 

tttcttcagc 

tgctgggagt 

gggtgccagc 

tcacggttgt 

ggacagccag 

ccccatccca 

ccccatggat 

agcatgttgg 

caaatgtgaa 

ggtgggggct 

aggaggtaca 



gaaggggagc 

gctgtgcagg 

aatgcctact 

ctgctggcac 

aacacactca 

gacattgccc 

aatgtgtacc 

ctgccacctg 

tctttggtga 

aacacccact 

gccatcgcca 

aatgctcaca 

cagctgtctc 

aacacctaca 

gtcattgccc 

aacgcctatg 

cagatctccc 

cacctgcagc 

gotggctatg 

tgggacctgc 

gactggaggg 

gaaggtccag 

gctgatgtaa 

gagtgtttct 

cccctggagg 

agagcagctc 

gccagctccc 

ctacgcatca 

ggggatgagt 

tgcccacccc 

cttatccaga 

ccagagcaag 

taaggcctcg 

ccacagtggc 

ctcagcccca 

ggtggtgggt 

ctccacagct 

ccccgagccc 

actctgccaa 

acagtgctaa 

ctctgatctg 



ggctgtgcaa 
tgggcactga 
tctacctgaa 
ggaccattgg 
gggccctagg 
aggagcaggg 
acgccaaggg 
atgtccgcga 
aggaactagg 
acctactggg 
aggagtttgg 
tcttcttggg 
ggcagctccg 
cactgctaca 
aggagctggc 
tgtccatggg 
aggagattgg 
tggccctggg 
aggcacaagg 
tgcggctccc 
gtccaggcag 
atgccattga 
gggtacaggt 
ttgacctgct 
aaggccaggc 
agtcctccgt 
agagccgccg 
ccctcaacaa 
ttttcaacat 
ctgatgtgct 
gggtgcaggc 
aggccagtgg 
cccctacagc 
catgatcccc 
gccccttccc 
gcaggctaga 
tcctgcaggc 
cggtgctgtc 
ctctcccaag 
ggcatcttct 
cctcacgacc 



ggcgggggac 60 
ggacctgaag 120 
ggagtatgcc 180 
tgaccgcatg 240 
ccgattcgat 300 
ggacaaggtt 360 
caaacagctt 420 
gacactgcac 480 
cgaccgggcg 540 
aaacttcacg 600 
ggacaaggca 660 
gcgctttgat 720 
ggaccaggca 780 
ggactacgag 840 
tgatagggtg 900 
gagccctgca 960 
agaccgaaac 1020 
coggctgact 1080 
agcaagaccc 1140 
cctggaccgg 1200 
ggactcgctt 1260 
gaggagaccc 1320 
gcctcgtacg 1380 
gagtaagttc 1440 
tggggctgct 1500 
gacagcttca 1560 
gctggacgac 1620 
tgtggggcac 1680 
gcttatcaaa 1740 
gccccgtggc 1800 
taagcggatg 1860 
gctgcctgat 1920 
cagccatacc 1980 
caataagcca 2040 
actgagccag 2100 
gctgctatat 2160 
ctgccctgcc 2220 
cagagtcttt 2280 
gcccccagag 2340 
gtcccccagc 2400 
ccagggcagg 2460 
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caotatcctg gcctggctgt gcccaaccot gctgagggag attggcagct ^^^^g^cca 2520 
gacaccctga cctggtagtc cccagccttg cacttggcct ttgaggaaag atggagottg 2580 
cccctggcag aggggagagg caggtctcca agcatagggt cttgtactag ^^f^fJH "40 
ctctggctgg tagtggacgt tcatgaggga tcctctcaac tagatccttc agtcctctta 2700 
gtgagcatct accttctatt actagggaga tgatatcttg gctttctccc caaggagggg 2760 
IcLLtctt aattggacac agggcactgt agttggggtg gagactcagc ^agaactgcc 2820 
ggggcatcca tgagacagac ccttcgggac cgtggtccta gttcttgcct acaagtccta 2880 
lalltagccc tactggaggg ctctgtacaa ctgtctaacc cagggcctct tacccagagg 2940 
Sccagggcaa gggaalc?ia ggacccaact tctgagaggg agaggcaaca tcactctgag 3000 
agcaiaaaca gatactagag cacagggtct cgggcgggac atggtggccg =c==g^^tac 3060 
ttgaatgtac atgcgtattt attgcttaca tgtgtttgcc atgttgttca tgggtccttt 3120 
ctgacccgag aggtacattt gttttgtttt acccaaaaat aaaagtctgo caagtgaaaa 3180 



aaaaaa 



<210> 2 

<211> 650 

<212> PRT 

<213> Mus musculus 



mt%il Ala Ser Cys Leu Glu Leu Ala Leu Glu Gly Glu Arg Leu Cys 
1 5 10 15 

Lvs Ala Gly Asp Phe Lys Ala Gly Val Ala Phe Phe Glu Ala Ala Val 
20 25 30 

Gin Val Gly Thr Glu Asp Leu Lys Thr Leu Ser Ala lie Tyr Ser Gin 
35 40 45 

Leu Gly Asn Ala Tyr Phe Tyr Leu Lys Glu Tyr Ala Arg Ala Leu Gin 
50 55 60 

Phe Tyr Lys His Asp Leu Leu Leu Ala Arg Thr He Gly Asp Arg Met 
35 65 70 "5 

Gly Glu Ala Lys Ala Ser Gly Asn Leu Gly Asn Thr Leu Arg Ala Leu 

■* — 9Q vo 



85 



Gly Arg Phe Asp Glu Ala He Val Cys Cys Gin Arg His Leu Asp He 



100 105 



Ala Gin Glu Gin Gly Asp Lys Val Gly Glu Ala Arg Ala Leu Tyr Asn 



115 120 



He Gly Asn Val Tyr His Ala Lys Gly Lys Gin Leu Ser Trp Asn Ala 
130 135 "0 

Ala Gin Asp Pro Gly His Leu Pro Pro Asp Val Arg Glu Thr Leu His 
50 145 150 "5 160 

Arg Ala Ser Glu Phe Tyr Gly Arg Asn Leu Ser Leu Val Lys Glu Leu 
^ -— 170 1'5 



165 



Gly Asp Arg Ala Ala Gin Gly Arg Ala Tyr Gly Asn Leu Gly Asn Thr 
180 IBS 19" 

His Tyr Leu Leu Gly Asn Phe Thr Glu Ala Thr Thr Phe His Lys Glu 
195 200 205 
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Arg Leu Ala lie Ala Lys Glu Phe Gly Asp Lys Ala Ala Glu Arg Arg 
210 215 220 

Ala Tyr Ser Asn Leu Gly Asn Ala His lie Phe Leu Gly Arg Phe Asp 
225 230 235 240 

Val Ala Ala Glu His Tyr Lys Lys Thr Leu Gin Leu Ser Arg Gin Leu 
245 250 255 

Arg Asp Gin Ala Val Glu Ala Gin Ala Cys Tyr Ser Leu Gly Asn Thr 

260 265 270 

Tyr Thr Leu Leu Gin Asp Tyr Glu Arg Ala Ala Glu Tyr His Leu Arg 
275 280 285 

His Leu Val He Ala Gin Glu Leu Ala Asp Arg Val Gly Glu Gly Arg 
290. 295 300 

Ala Cys Trp Ser Leu Gly Asn Ala Tyr Val Ser Met Gly Ser Pro Ala 
305 310 315 320 

Gin Ala Leu Thr Phe Ala Lys Lys His Leu Gin He Ser Gin Glu He 
325 330 335 

Glv Asp Arg Asn Gly Glu Leu Thr Ala Arg Met Asn He Ala His Leu 
340 345 350 

Gin Leu Ala Leu Gly Arg Leu Thr Ser Pro Ala Ala Ala Glu Lys Pro 
355 360 365 

Asp Leu Ala Gly Tyr Glu Ala Gin Gly Ala Arg Pro Lys Arg Thr Gin 

370 375 380 

Arg Leu Ser Ala Glu Thr Trp Asp Leu Leu Arg Leu Pro Leu Asp Arg 
385 390 395 400 

Glu Gin Asn Gly Glu Thr His His Thr Gly Asp Trp Arg Gly Pro Gly 

405 410 415 

Arg Asp Ser Leu Pro Leu Pro Met Arg Ser Arg Lys Tyr Gin Glu Gly 
420 425 430 

Pro Asp Ala He Glu Arg Arg Pro Arg Glu Gly Ser His Ser Pro Leu 
435 440 445 

Asp Ser Ala Asp Val Arg Val Gin Val Pro Arg Thr Gly He Pro Arg 
450 455 460 

Ala Pro Ser Ser Asp Glu Glu Cys Phe Phe Asp Leu Leu Ser Lys Phe 
465 470 475 480 

Gin Ser Ser Arg Met Asp Asp Gin Arg Cys Pro Leu Glu Glu Gly Gin 
485 490 495 

Ala Gly Ala Ala Glu Ala Thr ?ila Ala Pro Ser Val Glu Asp Arg Ala 
500 505 510 

Ala Gin Ser Ser Val Thr Ala Ser Pro Gin Thr Glu Glu Phe Phe Asp 
515 520 525 
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Leu 



lie Ala Ser Ser Gin Ser Arg Arg Leu Asp Asp Gin Arg Ala Ser 



530 



535 540 



Val Gly ser Leu Pro Gly Leu Arg lie Thr Leu Asn Asn Val Gly His 
545 550 555 s«)U 

Leu Arg Gly Asp Gly Asp Ala Gin Glu Pro Gly Asp Glu Phe Phe Asn 
^ 570 I''-' 



565 



10 Met Leu He Lys Tyr Gin Ser Ser Arg He Asp Asp Gin Arg Cys Pro 



580 585 



Pro 



Pro Asp Val Leu Pro Arg Gly Pro Thr Met Pro Asp Glu Asp Phe 



595 600 



Phe Ser Leu He Gin Arg Val Gin Ala Lys Arg Met Asp Glu Gin Arg 

— - 62 0 



610 615 



Val Asp Leu Ala Gly Ser Pro Glu Gin Glu Ala Ser Gly Leu Pro Asp 
20 625 630 635 640 

Pro Gin Gin Gin Cys Pro Pro Gly Ala Ser 
645 650 

25 

<210> 3 
<2X1> 2566 
<212> DNA 
30 <213> Mus Kiusculus 

alggaggaca ctgcctggct ggttagctag catcgccgct ccaagactag «g«t«gog 60 
accacaaccg gcttgctcca ccttaagtcg gaggcgcctg tacacaccct tgggttcggc 120 

» rii"" "-cSiSi = 

~ ^= -f-i = 

aacaoaaaqa gactcgcaaa gctactggtc tccgtcctgg agcagggctt gtcaccaaag 420 

- Es : bis '-SSI = 

i ri»& ==i -~ ""T'" 

g?gaggctag 4gag4tgl gggactgtac cgcaagagga gctatcccca cgaagtccag 720 
45 ?tctttgact t|aggctcct tttcctgcta acagcccttc gcacggatgt gcgccagcaa 780 
"at"cagg agolicacgg tgtaogcctg ctgactgatg cgctggaact aacactgggc 840 
J7r?rl aanaaaaccc tooaatoatg cttccagccc aagagacgga gagggccatg 900 
'gaStcct" "^tgctctt V^^ol tttgacLtg tcaagaggga agttgatgag 960 
aalcStqctg ccctttaccg gtacctgggg actcttctgc ggcactgcgt gatggttgaa 1020 
50 actgcSggg accgcacaga ggagttccac ggccacacgg tgaatctcct ggggaacttg 1080 
ifolTllll Stt^ggat^t Tctlctggcc ctggagctcc -gaaggatc cttagagtto 40 
atgggagtta acatggatgt gatcagtgcc ctcctcgcct toctagagaa acgtctgcac i^uu 
caqicccaca ggctgaagga atgtgtggca cctgtgctga acgtgttgac agaatgtgcc 1260 
cacatqcacc ?Lc£gocag gaagttcctg aaggcccagg tcctgccccc tctgagggat 1320 
55 g^g^g^^^tc ^gcct^agg? g...acctg cttcgaaa« agcttgtccg cc catgaca 1380 

agtSfcccc -cfc: gc S^atg ctgc4gcct cc?ggctgcc 1300 

aggggcctca iggctggggg ccgacccgag ggccagtact cagaggacga ggaoacggac 1560 

Sagjagt acagggaagc caaggccagc atcaaccctg tgaotggaag ggtggaggag 1620 

60 aagcclccta atoctatgga aggcatgaca gaggagoaga aggaacatga ggccatgaag 1680 
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ctagtgaaca tgtttgacaa gctctccagg cacagagtca tccaacccat ggggatgagt 1740 
cccaggggtc acctcacttc tctgcaagat gcgatgtgtg agacaatgga gggacagctc 1800 
tcctcagacc ctgactcaga tcctgactga agatgccagc ggccttgctc cccttcagaa 1860 
ctggtgctgc ttccagacat gtcctggggt gctgcctcaa gaagccacac ccctctccag 1920 
5 ctggggagcc cttctctctc ctcctcacat ttctgtcatc tgcctttggt ccagtttcct 1980 
gtgtttagga ctgtggtagt cttaccctct gtgaagacgg ggaacccacc tttcatttcc 2040 
acaagtgaag ttgtttcttg gatgtggctg cagccacgag cagaattgcc ctggcacata 2100 
aatgaacatg cgtgtatgag ggtggtaatg gagcagggta cacatggtgt aagcatgact 2160 
gggctggatg ccagcccaga gcccgtatgt ggggcatacg ctgtgtttca aacattttag 2220 

10 aatctgttga aattgtttaa gtatgtcaga aaacacacca agcgtcatgg ttcctgcttc 2280 
tggccccact gagcacaggg ctagtggcct cttcttaact ttttggtcct ggcgctgcca 2340 
ccoactgcag tatccgcata cccaagcctc actagttgtg acaactaact cagtcacaac 2400 
cactggctta gtaattctgt gaaggcgaaa gtaagacaaa gtcaaatctg agattctgag 2460 
gcacagaata caggagagtt tgggacaaga ctgtgtatgt gaagtagtca ggtgaaaggc 2520 

15 tattaaaoag aaactgattt caaaaaaaaa aaaaaaaaaa aaaaaa 2566 

<210> 4 
<211> 530 
20 <212> PRT 

<213> Mus inus cuius 
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30 



35 



40 



45 



50 



55 



<400> 4 

Met Glu Pro Arg Ala Val Ala Asp Ala Leu Glu Thr Gly Glu Glu Asp 
I 5 10 15 

Ala Val Thr Glu Ala Leu Arg Ser Phe Asn Arg Glu His Ser Gin Ser 
20 25 30 

Phe Thr Phe Asp Asp Ala Gin Gin Glu Asp Arg Lys Arg Leu Ala Lys 
35 40 45 

Leu Leu Val Ser Val Leu Glu Gin Gly Leu Ser Pro Lys His Arg Val 



50 



55 60 



Thr Trp Leu Gin Thr lie Arg lie Leu Ser Arg Asp Arg Ser Cys Leu 
65 70 75 80 

Asp Ser Phe Ala Ser Arg Gin Ser Leu His Ala Leu Ala Cys Tyr Ala 
85 90 95 

AsD lie Thr Val Ser Glu Glu Pro lie Pro Gin Ser Pro Asp Met Asp 
^ 100 105 110 

Val Leu Leu Glu Ser Leu Lys Cys Leu Cys Asn Leu Val Leu Ser Ser 

115 120 125 

Pro Thr Ala Gin Met Leu Ala Ala Glu Ala Arg Leu Val Val Arg Leu 



130 



135 140 



Ala Glu Arg Val Gly Leu Tyr Arg Lys Arg Ser Tyr Pro His Glu Val 
145 150 155 160 

Gin Phe Phe Asp Leu Arg Leu Leu Phe Leu Leu Thr Ala Leu Arg Thr 
165 170 175 

AsD Val Arg Gin Gin Leu Phe Gin Glu Leu His Gly Val Arg Leu Leu 
^ 180 185 190 

60 Thr Asp Ala Leu Glu Leu Thr Leu Gly Val Ala Pro Lys Glu Asn Pro 
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Pro Val Met Leu Pro Ala Gin Glu Thr Glu Arg Ala Met Glu He Leu 
210 215 220 

Lvs val Leu Phe Asn He Thr Phe Asp Ser Val Lys Arg Glu Val Asp 
225 230 235 <i40 

Glu Glu Asp Ala Ala Leu Tyr Arg Tyr Leu Gly Thr Leu Leu Arg His 



245 



250 



Cys 



Val Met Val Glu Ala Ala Gly Asp Arg Thr Glu Glu Phe His Gly 



260 



265 



270 



His Thr Val Asn Leu Leu Gly Asn Leu Pro Leu Lys Cys Leu Asp Val 
275 280 285 

Leu Leu Ala Leu Glu Leu His Glu Gly Ser Leu Glu Phe Met Gly Val 
290 295 300 

Asn Met Asp Val lie Ser Ala Leu Leu Ala Phe Leu Glu Lys Arg Leu 



305 



310 



315 



is Gin Thr His Arg Leu Lys Glu Cys Val Ala Pro Val Leu Asn Val 



His 



325 



330 



Leu Thr Glu cys Ala Arg Met His Arg Pro Ala Arg Lys Phe Leu Lys 



340 



345 



Ala Gin Val Leu Pro Pro Leu Arg Asp Val Arg Thr Arg Pro Glu Val 
355 360 365 

Gly ASP Leu Leu Arg Asn Lys Leu Val Arg Leu Met Thr His Leu Asp 
' 375 380 



370 



Thr 
385 



Glu Ser 



ASP val Lys Arg Val Ala Ala Glu Phe Leu Phe Val Leu Cys Ser 



390 



Val Pro Arg Phe He Lys Tyr Thr Gly Tyr Gly Asn Ala Ala 



405 410 
Gly Leu Leu Ala Ala Arg Gly Leu Met Ala Gly Gly Ar^ Pro Glu Gly 

Gin Tyr Ser Glu Asp Glu Asp Thr Asp Thr Glu Glu Tyr Arg Glu Ala 



435 



440 



Lys Ala ser lie Asn Pro Val Thr Gly Arg Val Glu Glu Lys Pro Pro 



450 



455 



Asn pro Met Glu Gly Met Thr Glu Glu Gin Lys Glu His Glu Ala Met 
465 ^■'O 475 4HU 

Lys Leu Val Asn Met Phe Asp Lys Leu Ser Arg His Arg Val lie Gin 
485 490 

Pro Met Gly Met Ser Pro Arg Gly His Leu Thr Ser Leu Gin Asp Ala 
500 505 =1" 

Met cys Glu Thr Met Glu Gly Gin Leu Ser Ser Asp Pro Asp Ser Asp 
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520 



525 



Pro Asp 
530 



<210> 5 
<211> 69 
10 <212> DNA 

<213> Mus musculus 



15 



<400> 5 

atggcgagcc cggccccgcc cgtggccgag gagctcccgg gcccggcctc caggcgcctc 60 
tactccagg 69 



<210> 6 
<211> 201 
20 <212> DNA 

<213> Mus musculus, 

<400> 6 

tgtactgtgg ctgcgtctgc agggtctgtc tggggtgacc ttggcatggt gtccctcttc 60 
25 agaccagggt ccaggggtgc agaaaaactg ccaaggacac tgccatagtc tgcaccctga 120 
catgttcctg ttccactgag ggtcacagct acgttttoaa gaagatttag agtggcctgg IBO 
agagaagagc agagacctgg g 201 



30 <210> 7 

<211> 787 
<212> DNA 
<213> Mus musculus 



35 



40 



45 



50 



<400> 7 

cagtcctgcg 

ctaggaacca 

gggaggacag 

taggggcaga 

gtcactgtgg 

gctcatacgc 

cgggagtggc 

ocgtattact 

ctgggattta 

tccaagtggt 

tcgcgagaat 

cacagtacgg 

ctccccaccc 

ggctcga 



ctgtgggtgt 
gctcagtaaa 
gcagacccga 
gccggttagc 
ggcaccgact 
ttctaacctc 
ttttccacgg 
ttggtggcta 
agaaggcgtg 
tgtacttctc 
cgtcttcccc 
ggacaagagc 
tcccatccca 



tactcggagc 
tcagtcggat 
aagagactgg 
acggcgggtg 
cagctaagtg 
agacacgcct 
gtgttcttca 
ttctttttag 
cgtcactatg 
tttccctatt 
aactgattaa 
gtaaagagga 
ccccaccccc 



aggtgttcag 
gcctctggcg 
tgaaggagac 
acatcatcca 
gcgtgcggac 
cggctggccg 
cttccttctc 
ataggtctgc 
cccggctaac 
ccctatggaa 
gcggccagga 
cggtccacgc 
cgcctgccag 



acccaaattt 
ctgctaaatc 
ggccggggcc 
ctggagcact 
ctggctcccc 
cccctccgtt 
tgcaattttc 
tagtttctgc 
cacgtgcatt 
gatgagctcc 
gccggcgctc 
gcgggccaag 
gaactcgggc 



ggagcagagg 60 
caactggatg 120 
tgccactgag 180 
gtttgtatgt 240 
gctacacagc 300 
gctcctctcg 360 
ttgagaataa 420 
otctcgagtg 480 
attttgacca 540 
aaggcctgga 600 
cottctttat 660 
ccacacccca 720 
tagagaggag 780 
787 
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